Adult cardiac fibroblasts null for sphingosine kinase-1 exhibit growth dysregulation and an enhanced proinflammatory response.
Cardiac fibroblasts are critical for the maintenance of extracellular matrix deposition and turnover in the normal heart and are key mediators of inflammatory and fibrotic myocardial remodeling in the injured and failing heart. Sphingosine kinase (SphK) activation is a well-recognized determinant of cell fate in cardiac myocytes and other cells, but SphK responses have not previously been studied in cardiac fibroblasts. Initially we found that total SphK activity is over 10-fold higher in cardiac fibroblasts than in adult mouse cardiac myocytes. SphK is composed of two major isoforms, SphK-1 and SphK-2. In fibroblasts isolated from SphK-1 knockout mice, SphK activity was greatly reduced indicating that SphK-1 is the major isoform expressed in these cells. To determine whether SphK regulates cell proliferation and the proinflammatory protein inducible nitric oxide synthase (iNOS), we exposed cultured cardiac fibroblasts to the cytokine interleukin-1beta (IL-1beta) and/or hypoxia. Both hypoxia and IL-1beta alone and in combination enhanced fibroblast SphK activity. In wild-type fibroblasts, hypoxia induced proliferation, but in SphK-1 null fibroblasts this response was blunted even in the presence of serum. In contrast, we found that iNOS expression and NO production were enhanced in SphK-1 null fibroblasts during hypoxia. In wild-type fibroblasts, IL-1beta was only a weak inducer of iNOS and of NO accumulation and hypoxia alone had no significant effect on iNOS activation. However, IL-1beta in combination with hypoxia extensively stimulated iNOS and NO production, and this stimulation was enhanced in SphK-1 null fibroblasts. We conclude that activation of endogenous SphK-1 serves a dual regulatory function: it is required for optimal cardiac fibroblast proliferation but is a negative modulator of proinflammatory responses during hypoxia.